Abstract 
Introduction
Squamous cell carcinoma of the esophagus was one of the most important malignancies in the Uruguayan population in the 1950s (1). Since then, its incidence and mortality have been declining (1) . In the same period, intake of vegetables and fruits has been increasing among the Uruguayan population (2) . Thus it is tempting to suggest that the protective effect of these foods was, at least in part, responsible for the declining incidence of esophageal carcinoma.
Vegetables and fruits are rich in antioxidant substances and micronutrients; among them, b-carotene and vitamin C have been shown to play a protective role in carcinoma of the esophagus (3). Thus we have decided to examine the role of dietary antioxidants in squamous cell carcinoma of the esophagus.
Subjects and Methods
Between September 1998 and December 1999, all newly diagnosed patients with microscopically confirmed squamous cell carcinoma of the esophagus treated in the four major hospitals of Montevideo were considered eligible for this study. A total of 121 patients with esophageal carcinoma were identified. Ten patients were too ill and were unable to respond to the questionnaire, leading to a final total of 111 patients with squamous cell esophageal cancer (response rate 91.7%).
In the same hospitals and in the same time period, 464 patients with conditions unrelated to tobacco smoking and alcohol drinking and without recent changes in the diet were identified. Twenty patients refused the interview, leading to a final total number of 444 patients (response rate 95.6%). These controls were frequency matched on age, gender, residence, and urban/rural status to the cases. Control patients were afflicted with the following conditions: eye disorders (121 patients, 27.3%), abdominal hernia (83, 18.7%), acute appendicitis (60, 13.5%), osteoarticular disorders (42, 9.5%), injuries (44, 9.9%), varicose veins (21, 4.7%), hydatid cyst (26, 5.9%), anemia (26, 5.9%), and fractures (21, 4.7%).
Both series of patients (controls and cases) were interviewed face-to-face in the hospitals shortly after admittance by two trained social workers who were unaware of the hypothesis tested. The interviewers used a detailed questionnaire that included 1) a sociodemographic section, 2) a complete history of tobacco smoking, 3) a complete section on alcohol drinking, 4) a complete section on "mate" (a local herbal tea frequently consumed in Uruguay) drinking, 4) family history of cancer in first-degree relatives, 5) self-reported height and weight five years before the interview, 6) a complete occupational history based on job titles, and 7) a food frequency questionnaire on 64 food items. These food items are representative of the usual diet of the Uruguayan population and have been previously tested for reproducibility with good results. Furthermore, this questionnaire has been employed previously in studies on diet and esophageal cancer (4) . Briefly, the frequency of intake of each food item was recorded in times per day, week, and month and converted to times per year. After this step, the intake was multiplied by the portion size and then divided by 365, yielding the daily intake in grams. Nutrients were calculated using local tables of chemical composition of foods (5) . For the calculation of carotenoids, the table of Mangels and co-workers (6) was used. Since our local food table also lacked values for flavonoids and phytosterols, we employed the table of Pillow and associates (7) in the calculation of these bioactive substances. Nutrients were adjusted for total energy intake using the residuals method (8) .
The resulting values were categorized in quartiles following the distribution of the controls series. Each nutrient (or bioactive substance) was examined by stratified analysis following the method of Mantel and Haenszel (9) . After examination of effect modification and confounding, unconditional multiple logistic regression models were fitted (10), after terms for the potential confounders age, gender, residence, urban/rural status, education, body mass index, tobacco smoking, alcohol drinking, and total calorie intake were included. All calculations were performed using the software STATA (11) .
Results
Distribution of cases and controls by sociodemographic variables and selected risk factors is shown in Table 1 . As a result of the matched design, cases and controls were similar regarding age, gender, residence, and urban/rural status. Cases were less educated and leaner than controls. Energy intake was similar among both series of patients, and cases smoked and drank alcohol in a greater proportion than controls.
Age-and calorie-adjusted Pearson correlation coefficients of dietary antioxidants are shown in Table 2 . Highest values were found in vitamins C and E (r = 0.61), lutein and vitamin E (r = 0.61), vitamin E and total phytosterols (r = 0.60), and vitamin C and glutathione (r = 0.65). The only coefficient that was nonsignificant was between b-carotene and lycopene.
Odds ratios (ORs) of esophageal cancer for vegetables and fruits are shown in Table 3 . Whereas vegetables were associated with a moderate reduction in risk [OR for high intake of vegetables = 0.64, 95% confidence interval (CI) = 0.34-1.20], fruits displayed a strong inverse association (OR = 0.18, 95% CI = 0.09-0.39).
ORs of squamous cell esophageal cancer for dietary antioxidants are shown in Table 4 . Twelve of 15 antioxidants showed a significant inverse association with risk of esophageal cancer. The strongest reduction in risk was observed for high intake of b-cryptoxanthin (OR = 0.16, 95% CI = 0.08-0.36) followed by total phytosterols (OR = 0.21, 95% CI = 0.10-0.50). Also, a-carotene, lycopene, vitamin C, vitamin E, glutathione, quercetin, b-sitosterol, campesterol, and stigmasterol showed significant inverse associations.
ORs of esophageal cancer for all vegetables and fruits, further adjusted for each antioxidant, are shown in Table 5 . All estimates were highly significant, showing that all vegetables and fruits are independent of the antioxidant effect.
ORs of esophageal cancer for each antioxidant, further adjusted for a term for total vegetables and fruits, are shown in Table 6 . Only b-cryptoxanthin intake remained significant (OR for high intake of b-cryptoxanthin = 0.29, 95% CI = 0.11-0.74). On the other hand, the b-carotene effect was positively associated with risk (OR = 2.24, 95% CI = 1.12-4.49), and the dose response for this substance was closer to significance ( p = 0.08). The remaining antioxidants were without a significant inverse relationship to risk of esophageal cancer.
Discussion
According to our results, several antioxidants were associated with significant reductions in risk. Among them, acarotene, lycopene, b-cryptoxanthin, vitamin E, glutathione, quercetin b-sitosterol, campesterol, and stigmasterol displayed significant inverse associations with esophageal cancer risk. It is noteworthy that b-carotene was not associated with risk. Previous studies reported protective effects of vitamin C (12, 13, 15, 16, (19) (20) (21) 23) , b-carotene (13, 14, (17) (18) (19) (20) , and vitamin E (15, 20, 21) . In a previous study conducted in Uruguay, b-carotene was not associated with a reduction in risk (21) . An unexpected finding was the increased risk for b-carotene intake when this carotenoid was further adjusted for vegetables and fruits. This is in accordance with the results of a previous randomized trial on lung cancer (22) . Thus it appears that the protective effect of b-carotene in esophageal cancer, as was calculated in previous studies (13) (14) (15) (16) (17) (18) , conceals effects of a-carotene, lycopene, and bcryptoxanthin.
Quercetin and total flavonoids were associated with a significant reduction in risk in the present study. This replicates the findings of a previous case-control study in Uruguay (21) . More recent studies suggest that flavonoids protect against chemically induced intestinal and mammary tumors in animals (26-29.) Also, phytosterols were protective against esophageal cancer in the present study. This is, to our knowledge, a new finding. Only two epidemiological studies on plant sterols and cancer have been performed. In the first study, Mendilaharsu and colleagues (30) reported a protective effect of phytosterols in lung cancer, whereas a similar effect was observed in gastric cancer (31) . It has been suggested that plant sterols could induce decreased cell growth and apoptosis through ceramide production (32) (33) (34) . This is a direct effect of the plant sterols in the sphingomyelin cycle. Also, ergosterol has shown antioxidant properties (35) .
An important finding of this study was the disappearance of the reduction in risk of most antioxidants when they were controlled for vegetables and fruits. On the other hand, the term for all vegetables and fruits remained significant after adjustment for each antioxidant. This could suggest that other micronutrients and bioactive substances could better explain the effect of vegetables and fruits. On the other hand, it is possible that the antioxidants that were studied could act synergistically, as happened in experimental studies (25) . Finally, these findings could reflect only a better measurement of vegetables and fruits compared with measurement of dietary antioxidants. Although there exists the possibility that controls might have altered their diets to include more vegetables and fruits, resulting in spurious inverse associations, this may not be of high likelihood.
Since dysphagia is a prominent symptom of esophageal carcinoma, it is possible that this symptom could be related to changes in the diet of patients with advanced esophageal cancer. Thus it is conceivable that patients with esophageal cancer reported a low intake of most foods, among them vegetables and fruits. Nevertheless, our cases consumed more meat than the control series. Furthermore, queries of the interviewers were related to intake five years before the first symptom (or 5 yr before the time of admission for controls). Therefore, it appears that the answers precluded differential misclassification. Our study also has some strengths, namely, the high response rate (for cases and controls) and the lack of proxy interviews.
In summary, several antioxidants were associated with strong reductions in risk of esophageal cancer. Also, the joint effect of vegetables and fruits was associated with a significant reduction in risk. Thus it is biologically plausible that high intake of antioxidants (and vegetables and fruits) could be related to the declining incidence of esophageal cancer in Uruguay. It is noteworthy that most antioxidants lost their effect when they were further adjusted for vegetables and fruits, and b-carotene displayed an increased risk 
